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© Imrnunochromatographlc assay method. 



© In a method which uses a symbol indicator to 
determine the presence or absence of a ligand to be 
detected by an immunochromatographic method 
which combines the sandwich method with 
chromatography, a means of obstructing the pas- 
sage of developer is provided along the path of 
development of the specimen liquid containing the 
ligand to be detected. The symbols are formed 
clearly, thereby simplifying the determination. 
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The present invention relates to a method of 
determining, by the appearance of a symbol, 
whether or not a certain ligand to be detected is 
present in a specimen, by means of an immunoch- 
romatographic method which combines the so- 
called sandwich immunoassay method with 
chromatography used for separation of reaction 
products from unreacted components (typically 
called BF separation). The method of this invention 
is to be used in the field of in vitro diagnosis, and 
particularly in the field of diagnosis by visual deter- 
mination; since the results to be judged are in- 
dicated clearly by symbols, a person with no par- 
ticular training can easily judge the diagnostic re- 
sults. 

According to the known principles of im- 
munochromatography, a first antibody (Abi) which 
binds with specificity to the ligand (L) to be de- 
tected is affixed near the centre of a, say, rectan- 
gular chromatography medium, e.g. filter paper. A 
second antibody (AD2), namely an antibody dif- 
ferent from the first antibody yet which also binds 
with specificity to the ligand to be detected, is 
prepared separately and bound to an easily detect- 
able marker (M) substance to prepare a marked 
second antibody. When this second antibody is 
mixed with t a liquid specimen thought to contain the 
ligand to be detected, a M-Ab 2 -L conjugate is 
formed. If a liquid specimen containing this con- 
jugate is placed in contact with the edge of the 
chromatography medium and developed, the con- 
jugate will move gradually in the direction of devel- 
opment and reach the affixed first antibody, thus 
forming a M-Ab2-L-Abi complex. In this manner, a 
coloured mark or other symbol will be left by the 
marker at the site at which the first antibody was 
affixed; it is thereby possible to confirm the pres- 
ence of the ligand to be detected. 

Many in vitro diagnostic kits based on im- 
munochromatography are known and available 
commercially; in most of these, the method of 
determining the result is based on detecting the 
presence or absence of a spot or line at the site of 
the first antibody. When results are determined in 
this way, it is possible that the positive or negative 
result may be ambiguous depending on the inten- 
sity of the tinting. 

To solve this problem, a ( + ) or (-) indicator 
used to simplify the judging of results by the user 
has been proposed (in Japanese Patent Application 
Public Disclosure No. Sho 64-32169). In this meth- 
od, a symbol ( + ) is placed on the chromatography 
medium and the first antibody is bound to one line, 
e.g. the vertical line, of the symbol, while a sample 
of the ligand to be detected or antibody to the 
second antibody (At>2Ab)^s bound to the horizontal 
line. If the liquid specimen does not contain the 
ligand to be detected, af M-AD2-L or M-Ab2-Ab2Ab 



complex is formed oniy on the horizontal fine, and 
the symbol (-) appears as the result. If the liquid 
specimen does contain the ligand to be detected, 
one of the complexes will be formed on the hori- 

5 zontal tine of the ( + ) symbol, while a M-Ab2-L-Abi 
complex is formed on the vertical line, so the 
symbol ( + ) appears. 

Using this method, even in the event that the 
sample of the ligand to be detected and/or the 

10 second antibody bound to the marker affixed to the 
chromatography medium were to become inactive 
for some reason, or if a major error in handling 
were to occur, the horizontal line will not appear, so 
it is possible to determine whether the diagnostic 

75 test was performed correctly or not. In this manner, 
this ( + ) or (-) indicator method has the great ad- 
vantage that the validity of the diagnostic test can 
be verified. 

This ( + ) or (-) indicator method nevertheless 

20 has a major drawback in that it is difficult to get a 
clear colour indication in the line drawn parallel to 
the direction of development, namely the vertical 
line of the ( + ) symbol. This is because, if the liquid 
specimen contains the ligand to be detected, when 

25 the M-AD2-L conjugate reaches the lower edge of 
the vertical line of the ( + ) symbol and reacts with 
the first antibody, a M-Ab2-L-Abi complex is 
formed; however, the complex formed on the lower 
portion of this line impedes the migration of the 

30 liquid specimen so the liquid specimen, does not 
come into contact with the portion of the affixed 
first antibody on the upper part of the vertical line. 
As is evident from the accompanying drawings, this 
may result in only the portion of the line lower than 

35 the horizontal line reacting or only the top edge 
and bottom edge of the vertical line reacting, so a 
true ( + ) symbol is not formed correctly. 

For these reasons, the currently-available di- 
agnostic kits based on the ( + ) or (-) indicator 

40 method usually indicate that even an incomplete 
( + ) symbol with a missing upper edge or central 
portion should be considered to be positive. 

According to one solution to this problem, the 
line parallel to the direction of development (the 

45 vertical line) is pre-printed with the same colour as 
the marker, so that a " + " is indicated when a 
reaction occurs in the line perpendicular to the 
direction of development (the horizontal line). An 
example of this is the commercially-available 

50 C.A.R.D.S±®O.S kit made by Pacific Biotech, Inc. 

In another solution, the horizontal and vertical 
lines are oblique to the direction of development. 
An example is the commercially-available 
TESTPACK + Plus kit made by Abbott Laboratories, 

55 Inc. 

However, these methods have various 
drawbacks and are not satisfactory. In the first 
case, the means of verifying the validity of the 
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diagnostic test, namely the method of binding a 
sample of the ligand to be detected to the horizon- 
tal line, cannot be employed, so the reliability of 
the diagnostic test cannot be guaranteed. In the 
second case, the reaction merely occurs in a skew- 
ed w V n shape, so that the given drawbacks are not 
overcome and a true ( + ) symbol will still not be 
formed correctly. 

According to the present invention, the pas- 
sage of the liquid specimen is disrupted. By this 
extremely simple expedient, the first antibody on 
the vertical line of the ( + ) symbol is allowed to 
react completely. It has also been found that, by 
changing the ( + ) or (-) indicator to other symbols, 
e.g. the letters "Y" and n N n which can indicate 
YES and NO, similar clarity can also be obtained. 

The liquid specimen to be tested is, for exam- 
ple, a body fluid such as blood or urine, or a dilute 
solution thereof, and which contains, or is sus- 
pected to contain, the substance or ligand to be 
detected. The ligand to be detected contributes to 
an immunoreaction, and is particularly an antigenic 
substance which is subject to detection in various 
types of diagnosis, namely haptens and antibodies. 
Examples of antigenic substances which may be 
the subject of detection include thyroid-stimulating 
hormone (TSH), follicle-stimulating hormone (FSH), 
human chorionic gonadotropin (hCG) and luteiniz- 
ing hormone (LH). Haptens that may be the subject 
of detection in the present invention include es- 
trone, estradiol, testosterone, progesterone, and 
their ester derivatives. 

The chromatography medium may be a carrier 
of the type normally used in chromatography, such 
as glass filters, nitrocellulose, nylon or filter paper. 
As the marker, colloidal gold particles, coloured 
latex, insoluble dye polymers or another coloured 
substance is preferred, but a colourless substance 
which becomes coloured when put into contact 
with a colouring reagent may also be used. 

The "developer" to be obstructed comprises 
the liquid specimen and the second antibody. The 
means for disrupting its flow is, for example, a 
notch or notches provided in the chromatography 
medium, or a hydrophobic substance applied to the 
medium. The site or sites at which this means of 
obstruction is provided is not critical, but is prefer- 
ably upstream of the site at which the first antibody 
is affixed, and one or more lateral notches, e.g. at 
the edges of the chromatography medium, are 
particularly preferable. There are cases in which 
the provision of a downstream site as well is pre- 
ferred. 

There are no particular limitations as to the 
shape of suitable notches; various shapes such as 
rectangles, half-circles, triangles, and approximate 
triangles are all effective. Again, when applying- a 
hydrophobic substance, various shapes can be em- 



ployed. 

The hydrophobic substance is any substance 
which adheres to the chromatography medium, in- 
cluding hydrophilic polymers and similar materials 
s which may be hydrophilic when applied but then 
become hydrophobic during subsequent polymer- 
ization or the like. One specific example is an oil- 
based ink. 

There are many known methods, direct and 

10 indirect, of affixing the first antibody to the 
chromatography medium. Direct methods include 
(1) the use of bromine cyanide, glutaraldehyde or 
carbodiimide to" affix the antibodies with covalent 
bonds (the covalent bond method) and (2) physical 

75 adsorption (the non-covalent bond method). Indirect 
methods include binding the antibody reagent to 
latex particles or other insoluble particles, and then 
affixing the particles, so either covalent bond meth- 
ods or non-covalent bond methods can be used. In 

20 this case, the size of the latex particles must be 
selected such that they will adhere sufficiently to 
the chromatography medium but not move during 
chromatography development. 

The marked second antibody may be prepared 

25 by mixing a freeze-dried extract with the liquid 
specimen at the time when the diagnostic test is to 
be performed. Alternatively, a non-woven fabric or 
other porous polymer may be impregnated with the 
marked second antibody, freeze-dried, and then 

30 secured to a site upstream of the site on the 
chromatography medium at which the first antibody 
is affixed. In this case, the person performing the 
test need only apply the liquid specimen to the end 
of the chromatography medium, eliminating the 

35 work of mixing the marked second antibody and 
the liquid specimen. More specifically, the marked 
second antibody, secured in the direction of devel- 
opment of the liquid specimen, is eluted by the 
liquid specimen during development, thus forming 

40 the conjugate M-Ab2-L which is transported to the 
affixed first antibody. 

While the present invention has been de- 
scribed above based on the sandwich method, 
comprising the formation of [first antibody]-[ligand 

45 to be detected (antigen)Hsecond antibody], those 
skilled in the art can readily understand that the 
present invention can also be implemented in a 
system made up of [antigen]-[ligand to be detected 
(antibody)Hantibody to the ligand to be detected]. 

so Therefore, the present invention is not limited to 
the case in which the ligand to be detected is an 
antigen, but also includes the case in which it is an 
antibody, so the present invention may be em- 
bodied in this case as if each instance of antibody 

55 were replaced by antigen, and vice versa. 

The following Examples illustrate the invention, 
the results of which are shown in the accompany- 
ing drawings. Each drawing shows symbols and 
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notches, and the observed effect at different con- 
centrations of hCG (mlU/ml). 

Example 1 

(1 ) Preparation of solid -phase latex A 

A commercial latex emulsion (N-450, made 
by Sekisui Chemical Co., Ltd.) is diluted to a 
solids concentration of 0.6 wt.% in phosphate- 
buffered saline (PBS) solution, 1 ml of which is 
collected in an Eppendorf micro-centrifuge with 
1 ml of rabbit antibody to human chorionic 
gonadotropin (hCG) (600 ug/ml concentration) 
and dissolved by shaking for 2 hours at room 
temperature to bind the rabbit antibody to the 
latex particles. The latex particles are then cen- 
trifuged and washed three times in PBS contain- 
ing 0.1 wt.% bovine serum albumin (BSA) and 
then suspended again in PBS to give a final 
volume of 2 ml, to give solid-phase latex A. 

(2) Preparation of solid-phase latex B 
Solid-phase latex B is prepared in the same 

manner as solid-phase latex A, but using hCG 
(made by Teikoku Hormone Mfg. Co., Ltd.) in- 
stead of the rabbit anti-hCG antibody. 

(3) Preparation of colloidal gold particles 

After boiling 200 ml of a 0.01 wt.% aqueous 
solution of gold chloride, a 1 wt.% aqueous 
solution of sodium citrate is added and the mix- 
ture boiled while heating until the colour of the 
solution changes from a light yellow to purple or 
red, to give a disperse solution of colloidal gold 
with an average particle size of 0.03 urn. 

(4) Preparation of colloidal gold marker anti- 
bodies 

A solution of potassium carbonate is added 
to the disperse solution of colloidal gold which 
has a gold concentration of 0.01 wt.% until a pH 
of 7.6 is reached. To this is added a quantity of 
monoclonal antibodies to hCG (obtained by 
means of the well-known hybridoma method, 
prepared from mouse ascites or cell-culture 
supernate) sufficient to obtain a proportion of 10 
ug per ml of disperse solution of colloidal gold, 
of which 10 ml is added to 0.1 ml of 30 wt.% 
BSA. The mixture is centrifuged, the supernate 
removed, and PBS containing 0.1 wt.% BSA is 
used to centrifuge and wash the mixture three 
times. The mixture is dispersed back into 10 ml 
of the aforesaid PBS, and 0.25 ml is decanted 
into a test tube (method A). 

A 12x12 mm square of Benrize® non-woven 
fabric (made by Asahi Chemical Industry Co., 
Ltd.) is impregnated with 0.25 ml of a disperse 
solution of the colloidal gold marker antibodies 
and freeze-dried to prepare a non-woven cloth 
containing a colloidal gold marker antibody 
(method B). ? 



(5) Preparation of chromatography strips A 

A commercial glass filter (GC-50, made by 
Toyo Roshi Co.) is cut into 12x60 mm thin strips 
which are placed upon glass plates (TLC plates) 

5 and secured with tape for ease of handling. At a 
site 30 mm from the bottom edge of the strips, 
an Acurajetter® liquid jet device (made by Nord- 
son Co.) and an XY table aerostage (made by 
THK Co.) are used to jet-print the solid-phase 

70 latex A at a rate of 0.1 um/mm for a length of 10 
mm in the direction of development, namely the 
lengthwise direction of the strip. After drying, 
solid-phase latex B is jet-printed at a rate of 0.1 
um/mm for a length of 10 mm perpendicular to 

75 the direction of development, namely across the 
short direction of the strip, thereby printing a 

(6) Preparation of an hCG-containing specimen 
An injectable type of hCG ("Gonatropin 

20 5000", made by Teikoku Hormone Mfg. Co., 
Ltd.) is diluted with PBS containing 0.1 wt.% 
BSA to prepare hCG-containing specimens with 
hCG concentrations of 25, 50 and 100 mlU/ml. 

(7) Immunochromatography 

25 Various notches are cut around the reaction 

site (the site at which the first antibody is af- 
fixed) on the chromatography strips (see Figure 
1), so that the mixture of the liquid specimen 
and colloidal gold marker antibodies cannot de- 
30 velop in the notched portions. 

One 500 ul portion of each of the aforesaid 
hCG-containing specimens or a blank of 500 ul 
of PBS containing 0.1 wt.% BSA is added each 
to a test tube containing the colloidal gold mark- 
as er antibodies and stirred. The mixtures thus 
obtained are allowed to impregnate only the 
lower 5 mm of the chromatography strips with 
various notches cut in, or a control chromatog- 
raphy strip with no notches, and the liquid speci- 
40 men is allowed to migrate. After 5 minutes have 
passed, the " + " or indicators in the reaction 
sites are compared visually. 

The results of the indicator appearances and 
shapes for this two-step immunochromatography 
45 on notched chromatography strips are illustrated 
in Figure 1 . 

Example 2 

so Commercial oil-based ink (correction fluid, 

made by Zebra Co., Ltd.) is applied in various 
patterns around the reaction site on the same 
chromatography strips as in Example 1 (see Figure 
2). After drying, the same mixtures of liquid speci- 

55 men and colloidal gold marker antibodies as in 
step (7) of Example 1 are allowed to impregnate 
the strips. After 5 minutes of development, the " + " 
or indicators in the reaction sites are compared 
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visually. 

The results of the indicator appearances and 
shapes for this two-step immunochromatography 
on notched chromatography strips, to which an oil- 
based ink is applied, are illustrated in Figure 2. 

Example 3 

Portions of the chromatography strips prepared 
in Example 1 are cut between 10 mm and 15 mm 
from the bottom edge, and these portions are con- 
nected by staples with the non-woven cloth con- 
taining a colloidal gold marker antibody, to give a 
strip which again has an overall length of 60 mm. 

Various notches are cut, as in step (7) of Ex- 
ample 1 f on the immunochromatography strips 
(see Figure 3), and 500 ul portions of each of the 
hCG-containing specimens as in step (7) of Exam- 
pie 1 or a blank of PBS containing 0.1 wt.% BSA in 
test tubes are allowed to impregnate only the lower 
5 mm of the strips. After 5 minutes of develop- 
ment, the " + " or indicators in the reaction sites 
are compared visually. 

The results of the indicator appearances and 
shapes of this one-step immunochromatography on 
notched chromatography strips to which second 
antibodies are bound, are again as illustrated in 
Figure 1 . 

Example 4 

Commercial oil-based ink is applied as in Ex- 
ample 2 to the same chromatography strips as in 
Example 3. After drying, the same liquid speci- 
mens as in Example 3 are allowed to impregnate 
only the lower 5 mm of the strips. After 5 minutes 
of development, the n + " or "-" indicators in the 
reaction sites are compared visually. 

The results of the indicator appearances and 
shapes of this one-step immunochromatography on 
notched chromatography strips to which second 
antibodies are bound and to which an oil-based ink 
is applied, are again as illustrated in Figure 2. 

Example 5 

A commercial glass filter is made into 12x80 
mm thin strips which are secured to glass plates 
(TLC plates). The aforesaid printing device is used 
to print a n Y" with 0.1 ul/mm of solid-phase latex A 
(see Example 1) at a site 30 mm from the bottom 
of the strip, and to print an "N" with 0.1 ul/mm of 
solid-phase latex B (see Example 1) at a site 50 
mm from the bottom of the strip. 

Notches are cut around the sites at which the 
"Y" or "N" indicators are printed on the above 
. immunochromatography strips (see Figure 3). 500 
ul portions of each of the hCG-containing speci- 



mens as in step (7) of Example 1 or a blank of 
PBS containing 0.1 wt.% BSA in test tubes are 
allowed to impregnate only the lower 5 mm of the 
strips. After 10 minutes of development, the "Y" or 
5 "N" indicators in the reaction sites are compared 
visually. 

The results of the indicator appearances and 
shapes of this two-step immunochromatography on 
notched chromatography strips, are illustrated in 

10 Figure 3. 

As is evident from Figures 1 to 3, if the means 
of obstructing the passage of developer according 
to the method of this invention is provided on the 
chromatography medium, not only the symbol ( + ) 

rs but also complex symbols such as (Y) and (N) 
appear clearly. 

Claims 

20 1. An immunochromatographic method in which a 
first antibody which bonds with specificity to a 
ligand to be detected in a liquid specimen is 
affixed in the shape of a symbol on a 
chromatography medium, the liquid specimen 

25 is allowed to pass through the medium in or 

into contact with a marked second antibody 
which bonds with specificity to the ligand, such 
that the presence or absence of the ligand in 
the liquid specimen can be determined by the 

30 symbol which can be visually detected due to 

the marker; characterised in that the passage 
of the liquid specimen is obstructed imme- 
diately before, and optionally also immediately 
after, the affixed first antibody. 

35 

2. The method of claim 1, which comprises the 
prior step of mixing the liquid specimen with 
the marked second antibody. 

40 3. The method of claim 1, in which the liquid 
specimen comes into contact, during its pas- 
sage before the first antibody, with the second 
antibody which is bonded. 

45 4. The method of any preceding claim, in which 
the chromatography medium is selected from 
glass fibres, nitrocellulose and nylon. 

5. The method of any preceding claim, in which 
so the marker is selected from colloidal gold par- 
ticles, coloured latex and insoluble dye poly- 
mers. 

6. The method of any preceding claim, in which 
55 the first antibody has been affixed to the me- 
dium by direct printing with an aqueous solu- 
tion of the first antibody. 
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7. The method of any of claims 1 to 5, in which 
the first antibody has been affixed to the me- 
dium by printing with latex to which the first 
antibody is bonded. 

5 

a The method of any preceding claim, in which 
the means of obstruction comprises one or 
more lateral notches. 

9. The method of any of claims 1 to 7, in which io 
the means of obstruction comprises a hydro- 
phobic substance applied to the medium. 
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